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(57) There is disclosed a method and apparatus for 
recovering an encoded dock reference signal in a digital 
data tape storage device in which a plurafity of read ele- 
ments read a plurality of physically recorded data trad^ 
which have been recorded contemporaneously and 
each usmg a common dock reference signal encoded 
into data recorded on each physical data trade Each of 
a plurafity of dock recovery drcuits comprises a refer- 
ence dock generator (404. 409). a phase comparator 
(405. 410) and a f ater element (406. 41 1). The f Ster ele- 



ment of each reference clock recovery element applies 
a proportional gain, which is proportional to a phase dif- 
ference wHhin the read channel, and an integral gain, 
which is determined from a plurality of phase difference 
signals arising from the plurafity of other data channel 
signals read contemporaneously. The integral gain ele- 
ment represents a frequency of the encoded dock sig- 
nal, determined from the plurality of physically recorded 
data tracks. 
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Descdption 
Hfiidofthe Invention 

[0001] The present invention relates to a method of s 
reading data stored on a magnetic tape data storage 
device, and particularly although not exclusively to a 
method of reference dock signal recovery from a plural- 
ity of recorded data channels. 

Backgreund to the Invcntipn 

[0002] In conventional prior art magnetic tape data 
storage devices of the type in which an elongate l>arKl of 
magnetic tape is drawn aaoss a sUbstantiaDy static 
readMrite head to produce a physically recorded data 
track on the tape whk:h extends along a main length of 
the tape, it is loiown to incorporate an encoding algo- 
rithm into the data as it is recorded onto the tape for the 
purpose of providing a reference dock signal. The 
encoding algorithm ensures that the bits of digital data 
recorded onto the tape are recorded in a manner in 
which a dock reference frequency signal, or an har- 
monic of a dock reference frequency signal, is emt>ed- 
ded in the recorded data such that the dock signal can 
be recovered from the encoded data signal when the 
encoded data signal is sulisequently read during pl^- 
t>ackof thetape. 

[0003] Referring to Rgs. 1 to 3 herein, there is illus- 
trated schematically a prior art method of dock signal 
recovery in a conventional magnetic tape data storage 
devica The pria art arrangement illustrated in Rgs. 1 to 
3 herein relates to a generic dock recovery scheme 
which is applicatsle to both analogue and digital imple- 
mentations. A conventional read/write head 100 conrh 
prises a plurality of read elements and a plurality of write 
elements. In the example of Rg. 1, four read elements 
101 to 104 are illustrated. Each read element aligns with 
a physically recorded data track and reads encoded 
data as a magnetic tape 109 passes the read/write 
head. Each read element generates a corresponding 
respective read data channel signal which is input into a 
pre-amplifier and equalizer 110. The pre-ampli- 
fier/eqt^izer outputs an amplified equaTized read data 
channel signal Rs into a phase k)cked loop 111 for 
recovery of the dock reference signal from the encoded 
data. 

[0004] Referring to Rg. 2 hereni. tiiere is illustrated 
internal stages of the phase focked toop 111 for recov- 
ering a dock reference signal from a read signal gener- 
ated by a single read element. The phase locked loop 
comprises a dock signal generator 200. which in an 
analogue implementation may comprise a voltage con- 
troDed osdilator. or in a digital implementation may com- 
prise a digital divider which divides a fixed frequerK:y 
digital signal to produce a digital dock reference signal; 
a phase comparator 201 for comparing a phase of the 
generated dock reference signal witti the incoming pre- 



ampfified equalized read signal, the phase comparator 
generating a difference signal 0$: and a loop filter 202. 
which filters tiie difference signal Ds to produce a fa- 
tered difference signal Dm. which is used to control the 
frequency of the dock signal produced 1^ the dock sig- 
nal generator 200. 

[0005] The frequency of tiie dock reference signal 
generated by dock reference signal generator 200 is 
increased or decreased, depencfing upon the value of 
tiie filtered difference signal Dm. so ttiat the frequency 
and phase of generated dock reference signal Cr fbl- 
fows the dock reference signal encoded into the read 
data channel signal Rs- 

[0006] Refening to Rg. 3 herein, there is illustrated hi 
further detaB loop filter 202. The toop filter comprises a 
first ampfif ication stage 300; the first amplification stage 
arranged in paralld with an irttegration stage, the inte- 
gration stage comprising a second gain ampfrfk^tion 
stage 301 and an inte^ator 302; and an addition stage 
303 for adding resultant outputs of the first ampGf foafion 
stage and the integration staga Rrst amplification stage 
300 applies to the difference signal Dq a gain Kp which 
is a constant which determines the proportional gain of 
the loop fitter, whereas second application stage 301 
applies an integral gain K| to tfie difference signal 0^ 
POOT] Under steady state conditions, where the 
incoming read channel signal Rs is read at a constant 
rate, the encoded dock reference signal in the read sig- 
nal is of constant frequency The active gain contained 
in the loop filter operates to phase lock the generated 
dock reference signal Cn to the incoming read data 
channel signal Rs. so tt»t the generated dock refer- 
ence signal Cr tracks the encoded dock reference sig- 
nal embedded in the read data channel signal Rs both 
in phase and frequency. 

[0008] In ttie known dock recovery arrangement 
shown in Rgs. 1 to 3, the read data channel R, has 
assodated noise which causes ndse In the phase dif- 
ference signal D^. resulting in some perturt)ation of the 
frequency of ttie generated dock reference signal from 
an ideal. 

IP009] It is an ongoing objective of magnetic tape data 
storage system design to increase the derisity of 
recorded data on a physical track of tape. Consequentiy. 
as the data density is irx;reased. a signal to rxMse ratio 
of ttie read data channel signal Rs decreases arxf tiiere 
is a trade-off between increase in recorded data density 
€uid worsening of signal to noise ratfo in the recovered 
data channd dgnal Rs- Thus, in ttie steady state of a 
played back data channel signal, for an inaeased data 
density there will be an increase in jitter on the read data 
channel signal, making it harder for the generated dock 
reference signal to be locked onto tiie phase of the 
encoded dock reference signal in ttie read data channel 
signal. Further, even under normal tape operation, the 
tape speed may vary from steady state (foe to variations 
in tape drive mechanisms, and starting of movement of 
the tape, and frequency of ttie encoded dock reference 
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signal win vary and tracking of the phase of the gener- 
ated dock reference signal to the read data channel sig- 
nal Cr may t>e iosX momentarily as the generated ckxk 
reference signal chariges frequency value to match 
changes in frequency in the encoded dock reference 
signal. 

Summary of the Invention 

[0010] It is one object of the present invention to pro- 
vide an improved dock recovery scheme for recovery of 
an encoded dock reference signal in a read data dian- 
nel of a magnetic tape data storage device. 
[0O11] Specific methods and emtxxiiments of the 
present invention are aimed particularly at magnate 
tape data storage devices in which a plurality of physical 
data tracks are each recorded simuKaneousiy and in 
parallel ak>ng the main length of the tape t>y a write 
head having a plurality of write elements, each write ele- 
ment recorcfing a oon-esponding respective data track. 
[001 2] According to a first aspect of the present inven- 
tion there is provided a method of dock signal recovery 
of data recorded simuHaneousty on a plurality of tracks 
of a magnetic tape data storage device, said method 
comprising the steps of: 

reading said plurality of recorded data tracks simul- 
taneously to obtain a corresponding plurality of data 
channel signals; 

for each data channel signal; 

generating a dock reference signal con'esponding 
to said data channel signal; and 

generating a difference signal representing a phase 
difference between said data channel signal and 
said generated dock reference signal; 
wherein: 

said generated dock reference signal is modified in 
accordance with a signal determined from a plural- 
ity of said difference signals of said plurafity of data 
channel signals. 

[0013] Preferably, said dgnal determined from a plu- 
rality of said difference signals comprises a signal deter- 
mined from a summatkm of said plurality of difference 

signals. 

[0014] Preferably, said signal determined from a plu- 
rality of said difference signals comprises a signal deter- 
mined by integrating said plurality of difference signals. 
[001 5] In a best mode herein, said tracks are read by 
a plurality of read elements, wherein each said track is 
read t)y a separate read element and said tracks are 
read in a direction along a length of said tape. 
[001 6] According to a second aspect of the present 
invention, there is provided a method of recovering data 



stored on a magnetic tape data storage medium, said ' 
data encoded with a dock reference signal which has 
been recorded onto a plura% of data tracks of said 
magnetic tape simultaneously, said method comprising 
5 the steps of: 

reading said plurality of recorded data tracks simul- 
taneously to obtain a plurality of recovered data 
channel signals; and 
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recovering said dock reference signal from said 
plurality of data channel signals. 

[0017] Preferably, said step of recovering said ctock 
reference signal comprises: 

for each said data channel signal, generating a 
dock reference signal, said dock reference signal 
having a frequency determined in part in response 
to a plurality of difference signals of said plurality of 
data diannels, wherein each said difference signal 
comprises a signal determined from a phase differ- 
ence between a said generated dock reference sig- 
nal and a said data channel signal. 

[0018] Preferably, said step of recovering said dock 
reference signal from said plurality of data channel sig- 
nals comprises: 

generating a separate respective dock reference 
signal tbr each of said recovered d€tta channel sig- 
nals; 

comparing each said recovered data channel signal 
with its corresponding respective generated dock 
reference signal to generate a conrespondtng 
respective plurality of difference signals; 

filtering each said differerx^e signal to ot>tain a cor- 
responding respective plurality of filtered dfference 
signals; and 

fx each said dock reference signal, modifying a 
frequency of sakl dock reference signal in 
response to said gain amplified difference signal, 
wherein each said gain Is determined in part from 
said plurafity of difference signals. 



[001 9] Preferably, each said filter Incorporates an inte- 
50 gratton of said plurality of difference signals. 

[0020] According to a third aspect of the present 
invention there is provided a read apparatus fa reading 
a plurality of data tiBCks recorded onto a magnetic tape 
data storage medium, said apparatus comprising: 

55 

a plurality of read elements, capable of reading a 
pluraTfty of said data tracks simultaneously, and 
generating a corresponding plurality of data chan- 
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nelstgnats; 

a plurality of phase determining means, each corre- 
sponding to a respective said data track, and 
arranged to receive a conesponding respective 
said data channel signal; 

wherein said plurality of phase determining means 
share a common integral gain element. 

[0021] Deployment of the common integrator for all 
phase determining elements makes impiicit use of the 
information that all data tracks of the tape have been 
recorded simultaneously, and therefore have a same 
frequency as each other. As the dock reference fre- 
quency of the recovered data tracks changes, due to 
diange in tape speed, using the specifk; emtxxliments 
hereia the phase determining means sharing a com- 
mon integral gain element may k>e able to follow the 
changes in dock reference frequency more dosely than 
using hitherto known prior art techniques. In particular, 
an improved lock up performance of each of the phase 
detemvning means may be adiieved, enabling doser 
traddng of a phase of a recovered data signal. 
[0022] By making tiie phase errors from all channels 
contribute to an integrator representing Information oon- 
. ceming a single dock reference frequency, it may t>e 
possible to take advantage of the constraint within the 
recorded data that the dock reference frequency is the 
same for each simultaneously recorded channel. 
[0023] Because the phase error from each of the plu- 
rality of channels Is input into a single Integrator, it may 
be poss33le to use a higher loop gain In the phase deter- 
mining process, wNlst minimizing instability and phase 
jitter. Consequently, a better dynamic performance of 
the phase determining means may be achieved. 
[0024] Preferably, said plurality of data tracks are 
recorded in parallel by a single write head having a plu- 
rality of write elements. 

[0025] Preferably, said plurality of data tracks are read 
in paraHel by a single read head having a plurality of 
read elements. 

[0026] According to a fburth aspect of the present 
invention there is provided a dock signal recovery appa- 
ratus for recovering a dock signal from a plurality of 
data channel signals, said dock signal recovery appara- 
tus comprising: 

a plurality of dock recovery means, each compris- 
ing: 

means for generating a dock reference signal; 

means for comparing said dock signal with a said 
data channel signal, said means generating a dif- 
fererx:e signal depending on a phase differerKe 
between said dock reference signal and said data 
signal channel: 



wherein each said dock recovery means generates 
a corresponding respective difference signal; and 

a said dock reference signal generating means 
5 generates a said dock signal in response to a plu- 
rality of said difference signals of a plurality of said 
dock recovery means. 

[0027] Preferably, said dock signal recovery appara- 
to tus furtiier comprising a gain element, said gain ele- 
ment operating to receive a plurality of said difference 
signals and produce a modified difference control signal 
in response to said plurality of difference signals; and 
said dock reference signal generating means 
15 Operates to generate a said dock reference signal in 
response to said contrd signal. 

Brief Description of the Drawlnos 

20 [Q028] For a better understanding of the invention and 
to show hew the same may be carried into effect there 
will now be described by way of example only, specific 
embodiments, methods and processes according to the 
present invention with ref^ence to the accompanying 

25 drawings in which: 

Rg. 4 illustrates schematically a layout of a dock 
recovery apparatus for a multiple channel read 
apparatus aocorcfing to a first specific embodiment 
30 of the present invention; 

Fig. 5 Illustrates schematically an arrival time distri- 
bution of edge transitions of bits comprising a data 
channel signal recovered from a physical data track 
35 recorded onto a magnetic tape; and 

Rg. 6 illustrates schematically an apparatus and 
method for applying a kx)p gain in a plurality of 
dock reference signal recovery drcults according to 
40 specific embodiment and metixxJ of the present 
invention. 

PrtafM PMCrtfftlOT gfth^Pggt WOtfg for ftrrvlnq 

45 

[0029] There will now be described by way of example 
ttie best mode contemplated t>y the inventors for carry- 
ing out the invention. In the following description numer- 
ous specific details are set forth in order to provide a 

50 thorough understanding of tiie present inventkxi. It will 
be apparent however, to one sMIIed in tiie art that the 
present Invention may be practiced without using these 
specific details. In other instarices. well known metfKxte 
and structures have not k>een descri>ed in detail so as 

55 not to unnecessarily obscure the present inventioa 
[0030] The cun-errt best mode according to the 
present invention desabed herein relates to a tape 
data storage device capable of reading a plurality of 
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physical data trad^ recorded simultaneously along a 
main length of an elongate magnetic tape. Each data 
track may store one or more data channels. Inatypical 
embodiment, a read^rite head comprises a plurality of 
read elements and a plurality of write elements, wherein 
the plurality of write elements are typically incorporated 
physically into a same write head, the write elements 
b&ng spaced apart from each other, each write element 
operating to record a physical track of data along the 
tape, the tracks of a plurality of write heads being 
arranged in parallel to each other. Typically, the read 
elements are physically incorporated into a single read 
head. In which each read element aligns with a physi- 
cally recorded data track of the magnetic tape, such that 
as the magnetic tape passes the read head, a plurafity 
of data channels are read simultaneously by the plural- 
ity of read elements. 

[0031] However, it will be understood that the exact 
read/Write head layouts may vary wktely, and the meth- 
ods diseased hereinafter are not restricted to one par- 
ticular arrangement of read^vrite head layout. 
[0032] Refem'ng to Rg. 4 herein, there is illustrated 
schematically a dock recovery drcuit for recovering a 
digitally encoded dock reference signal from digitally 
recorded data recorded on a physical data track of a 
magnetic tape. In Fig. 4. there are shown first and sec- 
ond read elements 400, 401, being representative of a 
plurality of number N of read elements each of which 
read a conresponding respective physk^lly recorded 
data track contemporaneously from a single magnetic 
tape wHh each other as the magnetic tape passes a 
read head. 

[0033] Each read element is provKled with a separate 
corresponding dock signal recovery channel. Referring 
to the dock signal recovery channel of first read ele- 
ment 400 In Rg. 4 the recovery channel oonprises a 
pre-amplifier/equalizer 402, and a dock recovery ele- 
ment 403. 

[0034] There will now be described a dock signal 
recovery channel relating to one such read element 
Each other read element has a corresponding similar 
dock signal recovery channel. Rrst read element 400 
generates a recovered data channel signal Roi from a 
first physically recorded data track on tape, which 
irput into conventional pre-amprif ier and equalizer 402. 
The pre-amplifier/equarizer amplifies and performs 
equalization of the recovered data cfiannel signal Rqi to 
produce an amplified, equalized recovered data chan- 
nel signal Rsi in the form of a serial sequence of digital 
pulses representing the encoded data recorded onto 
the physical track of magnetic tape. The digital pulses 
are produced in a fbrm suitable for input to first dock 
recovery element 403. Rrst dock recovery element 403 
comprises first dock generator 404 capable of generat- 
ing a first digital dock reference signal C^i at a first con- 
trdlable frequency f^ and having first phase 0^; a first 
phase comparator 405 operating to compare the first 
phase 01 of the first generated dock reference signal 



output from first dock generator 404 with the first 
data channel signal Rsi output from preamplifier 402; 
the first phase comparator 405 oulputting a first differ- 
ence signal Dt dependent upon the (fifference between 

5 a phase of the embedded dock reference signal 
encoded into the first data channel signal Rsi and a 
phase 01 of the first generated dock signal C^i the first 
difference signal Di t>eing input into first k)op filter 406, 
first loop filter 406 providing active gain to first difference 

w signal Di and oulputting a first modified difference sig- 
nal Dmi which is Input into first clock generator 404, the 
phase 01 and frequency fi of the first dock reference 
signal being modified in response to the first modified 
difference signal E>mv 

IS [0035] A second dock signal recovery channel for 
recovery of a dock reference signal embedded in a sec- 
ond data channel read by second read head 401 com- 
prises second conventional pre-amplifier/equalizer 407 
and second dock recovery element 408, the seoorxJ 

so dock recovery element comprising second dock signal 
generator 409, second phase comparator 41 0 and sec- 
ond loop filter 41 1. The second dock signal generator, 
second comparator and second \oop filter operate simi- 
larly as descdbed with reference to the first dock recov- 

25 ery element 403 on a second recorded data channel 
dgnal R02 generated by second read element 401 . The 
second dockgenerator 409 outputs a second dock ref- 
erence signal 0,2 ^ second frequency f2, and having 
second phase which is fed back into second phase 

30 comparata 41 0 where it is compared with second data 
channel signal Rs2 to produce second difference signal 
D2. The second difference signal D2 is mput into second 
\oop filter 41 1 resulting In a second modified difference 
signal 0^2, which controls the phase and frequency of 

35 second generated dock reference signal 0,2 generated 
t>y the second dock generator 409. 
[0036] Each of the plurality N read elements is pro- 
vided with a conresponding respective dock signal 
recovery channel as described for the first and second 

40 read elements 400. 401. 

[0037] Referring to Rg. 5 her^n. there is aiustrated 
schematically a distributk>n of actual arrival time, of 
edge transitions of bit signals comprising encoded dock 
reference signal of first recovered data channel signal 

4$ Rsi within a period Pi of the enrt)edded encoded dock 
reference signal 500 as originally recorded. Actual edge 
transitions of the encoded dock signal in the recovered 
data channel signal arrive at times before or after their 
expected time of arrival to relative to the period of the 

50 encoded dock signal as originally recorded. Whilst mosX 
edge transitions of data bits arrive at approximately ttie 
correct time with reference to the period of the recorded 
encoded dock reference signal, since the recorded data 
density on the physically recorded tracks is as Ngh as 

55 possa^le. there results a degraded signal to noise ratio, 
which results in fitter of edge transitions, such tfiat a por- 
tion of the edge transitions of the bits of the first data 
channel signal Rs arrive k>oth t>efore and after the ideal 
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transition time to according to the recorded dock signai 
period. Edge transitions of aniving tits are distributed 
around a mean time to relative to the encoded dock sig- 
nal period, even under conditions where the frequency 
of the recorded encoded ckxk signal is stable. 
[0038] However, the data may have been recorded 
onto tape under conditions of variable tape speed. This 
may occur k>ecause the data may have been recorded 
by a system which alters the speed of a tape past a 
write head to compensate for irregular anrival of data 
from a host device, eg a computer which generates data 
to be stored. "Bursty** data, such as computer generated 
data may have been buffered prior to recording, and 
may have been recorded onto tape at a slower or faster 
rate, depending on the rate of arrival of data from the 
host device. In the best mode described herein, 
recorded tape speed may vary over a speed range typi- 
cally having a ratio 5:1 as between fastest recorded 
tape speed and slowest recorded tape speed, a up to a 
ratio of speeds up to 10:1 . 

[0039] Thus, when reading the physical data tracks, by 
a read head, the encoded dock frequency as recorded 
may vary depending upon the tape speed slowing down 
or accelerating during recording. The generated dock 
reference signal Cm must track the encoded dock ref- 
erence signal in frequency as well as in phase over a 
range of frequences // in the range 1 to 10. 
[0040] The response time of each dock generator to 
changes in encoded dock signal frequency is deter- 
mined by a gain in the loop fBter 406. Setting of the gain 
is a trade off between fast response to changes in fre- 
quency and/br phase of the recorded encoded dock ref- 
erence signal and introduction of errors in data read 
from the data channel signal Rs due to the jitter in 
arrival of bits of data relative to the encoded dock refer- 
ence signal, as illustrated schematically in Fig. 5 herein. 
To obtain fast response times to changes in frequency 
andAor phase of the encoded dock reference signal, a 
high gain in the loop filter is advantageous, txjt increas- 
ing the gain inaeases the rate of error in reading t>its of 
the data channel signal Rs- 

[0041] It is known, from the way in which the piurafity 
of data channels were recorded, that at any time the 
data channels must have an encoded frequency wfiich 
is the same in all cases. However, at any particular time 
the phase of those signals cannot be guaranteed to be 
the same as between different channels due to varia- 
tions in head alignment from device to device, tape wan- 
der, noise, etc. on each signal channel. In the 
embodiment shown in F^. 4 herein, the difference in 
phase of encoded dock signal as t>etween different data 
channels is accommodated t)y each read element being 
provided with its own con-esponding dock recovery 
channel. However, the information that the frequency of 
encoded dock signal is the same at any time as 
between different recorded data channels is utilized by 
connecting the plurality of dock recovery diannels as 
follows: 



[0042] In the best mode herein, specific methods and 
embodiments according to the present invention recog- 
nize that by reading a piurafity of physical tracks simul- 
taneously which have been recorded simultaneously, at 

5 any time the encoded dock reference signal is the same 
for each data channel recorded on a separate physical 
data track on the tape. Thus, at any positions along the 
length of the tape con^esponding to the position of write 
elements at any time, tfie frequency of the encoded 

10 recorded dock reference signal is the same. This infor- 
mation is made use of by incorporating each difference 
signal D generated by each respective clock recovery 
channel into the loop filter of each other dock recovery 
channel, for a plurality of dock recovery channels corre- 

IS spending to a plurality of read elements which read a 
ooH'esponding respective plurality of data channels 
simultaneously. 

[0043] In Fig. 4 herein, there is shown first difference 
signal generated by first dock recovery channel 403 

20 fed into second loop filter 411 of second dock recovery 
channel 408. Second difference signal O2 of seoond 
dock recovery channel 408 is fed into first loop filter 406 
of first clock recovery channel 403. In the general case, 
a difference signal arising from a first dock recovery 

25 channel is fed into a loop filter of every other dock 
recovery channel which contemporaneously reads a 
data channel signal of a set of data channel signals all 
having been recorded simultaneously with a same 
encoded dock signal. 

30 [0044] In each dock recovery channel, of the plurality 
N dock recovery channels the dock generator is con- 
trdled by a feedk}ack signal comprising an ampfified 
phase difference signal resulting from a difference 
between the generated dock reference signal of that 

35 channel and the recovered data d^nel signal, and a 
plurality of difference signals generated In each other 
channel of the plurality N of dock recovery channels. 
[0045] Referring to Fig . 6 her&n . ttiere is shown a spe- 
cific implementation for applying gains in the first and 

40 second loop filters of Fig. 4. Although only two dock sig- 
nal recovery diannels are Slustrated In Rg. 6. the 
arrangement and prindple of operation applies equally 
to a plurality of dock signal recovery channels. In each 
dock signal recovery charmel. the loop f IKer applies a 

45 proportional gain Kp and an integral gain Kj to its corre- 
sponding respective difference signal D generated in a 
same dock signal recovery diannel. as wen as applying 
the integral gain Kt to the difference signal generated by 
e/ery other dock recovery channel contemporaneously. 

BO Rrst loop filter 406 comprises first proportional gain ele- 
ment 600 and first adder 601 and second loop filter 41 1 
comprises second proportional gain element 602 arxJ 
second adder 603. A common integrator element 604 
applying an integral gain K| to a summation of all differ- 

55 ence signals generated contemporaneously in the plu- 
rality of dock signal recovery channels is shared by the 
piurafity of loop filters. In the general case of N channels 
the plurality of N difference signals Dt to Dn are com- 
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btned by difference signal adder 605 prior to inputting 
into common integrator 604. In the case of two dock 
recovery channels shown in Rg. 6. an output of first 
loop f ater 406 comprises first difference signal muKi- 
pOed by first proportional gain Kp^ added to a signal s 
comprising f M and second difference signals D2 
added together to which is applied integral gain Kj. Sim- 
ilarly, an output signal of second loop filter 411 com- 
prises second difference signal D2 multiplied by second 
proportional gain Kp2 added to the signal comprising 10 
first and second difference signals Dt -1- D2 modified by 
integral gain Kj. 

[0046] Consequently, a plurality of read elements 
each read a corresponding respective data channel stg- 
nal from a respective physical recorded data track on is 
magnetic tape, each data channel signal being encoded 
with an encoded dock reference signal, there being pro- 
vided for each read element a corresponding respective 
dock signal recovery channel. In each dock signal 
recovery channel there is generated a difference signal 20 
oon'espondmg to a difference between the encoded 
dock reference signal in that channel and a generated 
dock reference signal conesponding to that channel. 
Each dock recovery cfiannel applies a gain which is 
proportional to the difference signal generated in that 25 
dock recovery channel, and also applies another gain 
which is an integral depending on a sum of all of the dif- 
ference signals applied in all of the channels. 
[0047] Operations on a data channel signal imple- 
mented by the plurality of dock recovery elements 403. 30 
408 of a plurality of number N dock recovery channels 
operate to generate a separate respective dock refer- 
ence signal for each recovered data channel signal, 
conpare each recovered data channel signal with its 
corresponding respective generated dock reference ss 
signal generated by dock signal generator 404. 409. to 
generate a con^esponding respective plurality of phase 
difference signals in phase comparators 405. 410 and 
apply a respective gain to each phase difference signal 
in loop filter elements 406. 41 1 to obtain a correspond- 40 
ing respective plurality of gain amplified phase signals, 
such that fbr each generated dock reference signal, a 
frequency and/or phase of the generated dock refer- 
ence sigrial is modified in response to the gain amplified 
phase difference signal output by the loop fBters 406. 4S 
409. each loop filter produdng an output control signal 
which is determined in part from the pluraTity of phase 
difference signals produced by the plurality of compara- 
tors, one per each clock recovery signal channel. 
[0048] In an implementation of the dock signal reoov- so 
ery apparatus according to the b^ mode of the inven- 
tion and as shown in Figs. 4 and 6 herein, the common 
integrata element 604 comprises a digital integrator, 
wfiich accumulates a value oonprising the plurality of 
difference signals, the value representing the frequency ss 
of the recorded encoded dock signal. Each dock gener- 
ator generates dock signal having a frequency which is 
determined by the mocfif led difference signal Dm corre- 



sponding to that dock signal recovery channel, the 
modified difference signal b&ng determined from an 
amplified phase difference signal D determined from the 
corresponding physical data track, together with an inte- 
gral signal determined from the data channel signal of 
each physical data tracK the integral signal represent- 
ing a common recorded encoded dock signal embed- 
ded in each of the data channels recorded on each 
separate physical data track. 
[0049] The value staed in the integrator represents 
the frequency of the reconiled encoded dock signal. By 
making a single integrator common to all dock signal 
recovery channels, it may be possible to achieve supe- 
rk)r lock up perfomiance under conditions of step in fre- 
quency from a first frequency to a second frequency, 
whilst retaining an ability to acco mm odate data chan- 
nels having art)itrary relative phases of encoded dock 
signal. The embodiment desaibed herein is particularly 
suited to a digital implementation, in which a relation- 
ship between the value stored in the integrator, and the 
recovered dock frequency is fixed, and remains unaf- 
fected by process or environmental factors and is not 
subject to tderances from one channel to another. 

Claims 

1. A method of dock signal recovery of data recorded 
simultaneously on a plurality of tracks of a magnetic 
tape data storage device, said method comprising 
the steps of: 

reading said plurality of recorded data trade 
simultaneously to obtain a corresponding plu- 
rality of data channel signals; 

fbr each data channel signal; 

generating a dock reference signal corre- 
sponding to said data channel signal; and 

generating a difference signal representing a 
phase difference between said data channel 
signal and said generated dock reference sig- 
nal; 

wherein: 

said generated dock reference signal is modi- 
fied in accordance with a signal determined 
from a plurality of saki difference signals of said 
plurality of data channel signals. 

2. The method as daimed in dalm 1 , where said sig- 
nal determined from a plurality of said difference 
signals comprises a sigrial determined from a sum- 
mation of said plurality of difference signals. 

3. The method as daimed in daims 1 or 2. wherein a 
said signal determined from a plurality of said differ- 
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ence signals comprises a signal detemiined by 
integrating said plurality of difference signals. 

4. The method as daimed in any one of claims 1 to 3, 
wherein said tracte are read by a plurality of read s 
elements, wherein each said track is read by a sep- 
arate read element 

5. The method as claimed in any one of claims 1 to 4, 
wherein said tracks are read in a direction along a io 
length of said tape. 

6. A method of recovering data stored on a magnetic 
tape data storage medium, said data encoded with 

a dock reference signal which has been recoided is 
onto a plurality of data tracks of said magnetic tape 
simultaneously, said method comprising the steps 
of: 

reading sakJ phirality of recorded data tracks so 
simultaneously to obtain a pturaFrty of recov- 
ered data channel sigpials; and 

recGvering said clock reference signal from 
said plurality of data channel signals. 2S 

7. The method as daimed in daim 6, wherein said 
step of recovering said dock reference signal conv 
prises: 

30 

for each said data dianne! signal, generating a 
dock reference signal, said dock reference sig- 
nal having a frequency determined In part in 
response to a plurality of difference signals of 
said plurality of data tracks, wherein each said ss 
difference signal comprises a signal deter- 
mined from a phase difference between a said 
generated dock reference signal and a said 
datachannd signal. 

40 

& The method as daimed in daims 6 or 7, wh^ein 
said step of recovering said dock reference signal 
from said plurality of data channel signals com- 
prises: 

45 

generating a separate respective dock refer- 
ence signal for each of said recovered data 
channel signals: 

comparing each said recovered data channel so 
signal with its corresponding respective gener- 
ated dock reference signal to generate a corre- 
sponding respective plurafity of difference 
signals: 

55 

filtering each said difference signal to obtain a 
conesponding respective plurality of filtered 
difference signals; and 



for each sakl dock reference signal, nxxlifying 
a frequency of said dock reference signal in 
response to said gain amplified difference sig- 
nal, wherein each said gain is determined In 
part from said plurality of difference signals. 

9. The method as claimed In daim 8. wherein each 
said gain is determined in part from an integration 
of said plurality of difference signals. 

10. A read apparatus for reading a plurality of data 
tracks channels recorded onto a magnetic tape 
data storage medium, said apparatus comprising: 

a plurality of read elements, capable of reading 
a plurality of said data tracks simultaneously, 
and generating a corresponding plurality of 
data channel signals; 

a plurality of phase determining means, each 
corresponding to a respective said data chan- 
nel, and arranged to receive a corresponding 
respective said data channel signal; 

wherein said plurality of phase determining 
means share a comnran integral gain element 

11. The apparatus as daimed in daim 10, wherein said 
plurafity of data tracks are recorded in parallel by a 
single write head having a plurality of write ele- 
ments. 

12. The apparatus as daimed in dairh 10. wherein said 
plurality of data tracks are read in parallel by a sin- 
gle read head having a plurality of read elements. 

13. A clock signal recovery apparatus for recovering a 
dock signal from a plurality of data channel signals, 
said dock signal recovery apparatus comprising: 

a pi urality of dock recovery means, each com- 
prising: 

means for generating a dock reference signal: 

means for comparing said dock signal with a 
said data channel signal. sakJ means generat- 
ing a difference signal depending on a phase 
difference between said clock reference signal 
and said data signal channel; 

wherein each said dock recovery means gen- 
erates a corresponding respective difference 
signal; and 

a said dock reference signal generating means 
generates a said dock signal in response to a 
plurality of said difference signals of a plurality 
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of saki dock recovery means. 

14. The dock signal recovery apparatus as claimed in 
daim 13. fiirther comprising a gain element, said 
gain element operating to receive a pfurality of said s 
difference signals and produce a modified differ- 
ence control signal In response to said plurafity of 
difference signals; and 

said dock reference signal generating 
means operates to generate a said dock reference io 
signal in response to saki control signal. 
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